Introduction
Apolipoproteins, the protein components of lipoproteins, play an important role in the transport of lipids and other hydrophobic molecules in blood and other tissue fluids [1, 2] . Most fish utilize lipids as the main source of energy, in contrast to mammals which mainly use carbohydrates [3] . Thus lipid metabolism and lipoprotein physiology are more important for maintaining homeostasis in fish as compared to homeothermal animals [4] . Apolipoprotein (Apo) A-I is the major protein of high density lipoprotein (HDL), comprising about 70% of the total HDL proteins.
ApoA-I promotes cholesterol efflux from tissues to the liver for excretion [5] and is a cofactor for lecithin:cholesterol acyl transferase which is responsible for the formation of most plasma cholesteryl esters [6] . Clinical and epidemiological studies have demonstrated an inverse correlation between the concentration of HDL-cholesterol and cardiovascular disease [7] [8] [9] [10] . Additionally, fish apoA-I has antimicrobial and antibacterial functions [11, 12] , and is also an important effector of innate immunity in teleosts [13] . Therefore, the structure and functions of apoA-I gene are very important for the deeper understanding of the physiology of fish.
ApoA-I cDNA has been isolated from a variety of mammalian and non-mammalian species [4, [14] [15] [16] [17] [18] [19] [20] [21] [22] . The molecular weight (Mw) of apoA-I ranges from 25 to 29 kDa in vertebrates including fish [23] [24] [25] [26] [27] [28] . Teleosts possess divergent isoforms within several apolipoprotein genes. In Korean spotted barbell, Hemibarbus mylodon, two isoforms of apoA-I, apoA-I-1 and apoA-I-2, showed only 44.3% identity to each other [22] . In rainbow trout, Oncorhynchus mykiss two apoA-Is showed 84% identity with each other [19] . Kondo et al. [29] have found two apoA-I like components of Mw 28 kDa differing in isoelectric point from Japanese eel, Anguilla japonica. In salmonid fish, isoforms apparently exist with similar structure to human apoA-I [30, 31] . A truncated apoA-I with Mw 26 kDa has been isolated from the HDL of Japanese eel [28] . Kondo et al. [4] have reported two apolipoproteins, apo-28 kDa and apo-27 kDa, homologs of mammalian apoA-I whereas apo-28 kDa was demonstrated to be a propeptide of apo-27 kDa in pufferfish, Takifugu rubripes. The occurrence of these multiple isoforms of the apoA-I gene may be explained by gene duplications specific to certain teleost lineages as well as whole a genome duplication that occurred during the evolution of ray-finned fish [32, 33] . Kim et al. [22] showed that the multiple isoforms of apoA-I were differentially modulated across tissues, possibly with an isoform-specific role for each tissue. Some cDNA clones of apolipoproteins have so far been isolated in fish as described above but information for the entire genomic structure is limited to a very few. Elucidation of the whole genomic structure, function, and the regulation of apoA-I gene in primitive vertebrates may enable us to better understand the lipid transport and deposition in cultured fish. To study the role of the apoA-I family, including apoA-I, apoA-IV, and apoE in lipid transport of fish, we have started molecular cloning of some apolipoproteins in Japanese eel, which is a typical fatty fish that builds up remarkable body fat depots [34] .
In the present study we have isolated and sequenced some isoforms of apoA-I cDNA in Japanese eel followed by genomic structure. We have performed phylogenetic analysis using apoA-I, apoA-IV, and apoE sequences extracted from the database with these apoA-I isoforms. By investigating splice junctions, exon-intron organization, internal structure, and phylogenetic analysis, we confirmed that they are the isoforms of apoA-I.
Experimental Procedures

Fish
Cultured Japanese eel, Anguilla japonica (average body weight 225 g) were purchased at a local fish market.
Blood was drawn into 0.15 M NaCl solution containing ethylene diamine tetra acetic acid (5 mg ml -1 blood), diisopropyl fluorophosphates (2 mM), and aprotinin (40 KIU ml -1 ) using a syringe inserted in the caudal vasculature. Plasma obtained by centrifugation (3000 × g, 15 min) was subjected to the isolation of lipoprotein. The liver and blood were also used for total RNA and genomic DNA isolation, respectively.
Plasma lipoprotein isolation and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
Very low density lipoprotein (VLDL, d<1.006 g ml -1 ), low density lipoprotein (LDL, 1.006<d<1.085 g ml -1 ), and HDL (1.085<d<1.210 g ml -1 ) in the plasma were obtained by sequential ultra-centrifugal flotation [27] . SDS-PAGE was done according to the method of Laemmli employing 15% polyacrylamide gels [35] . Lipoprotein samples contained 1% 2-mercaptoethanol and were heated at 95°C for 5 min. The relative molecular weight of apolipoproteins was determined by comparison with simultaneously run proteins of known molecular weight (HMW SDS and LMW Marker kits from GE Healthcare UK Ltd., Buckinghamshire, England). Protein bands on gels were stained with 0.2% Coomassie Brilliant Blue R-250.
N-terminal amino acid sequencing
N-terminal amino acid sequencing was done by the method of Matsudaira [36] . Apolipoproteins separated on SDS-PAGE gels were transferred by semi-dry electroblotting to Sequi-Blot polyvinylidene difluoride membrane (Bio-Rad) in 48 mM Tris-39 mM glycine transfer buffer (pH 9.2) containing 20% methanol at 10 V for 75 min. The membrane-blotted apolipoproteins were sequenced with a model 492 protein sequencer (Applied Biosystems Japan Ltd., Tokyo, Japan).
Isolation of apoA-I isoform (apoIA-I) cDNA
Total RNA was isolated from the liver of Japanese eel using TRIzol reagent (Invitrogen Corp., Carlsbad, CA, USA) according to the manufacturer's protocols. The first strand cDNA for 3´rapid amplification of cDNA ends (RACE) was synthesized from 1 µg of total RNA using 200 U of SuperScript II, oligo(dT) adaptor (10 pmol), and reverse transcriptase buffer (20 µl) of the first strand cDNA synthesis kit (Invitrogen Corp.). The synthesis reaction was carried out at 42°C for 50 min. Some oligonucleotide primers were synthesized for PCR reaction to amplify two isoforms of apoA-I (apoIA-I), apoIA-I10 and 11. A set of the 24-mer sense oligonucleotide 5´-C G C C T TA A C A A G G A C A C A G A G G A G -3´ and the 21-mer antisense oligonucleotide 5´-CGGATCTTCTGGGAGTAGGGG -3´ corresponding to zebrafish Danio rerio and rainbow trout apoE, respectively, amplified apoIA-I10 cDNA with 374 bp. Using the first strand cDNA as a template, 3´RACE was conducted to isolate a partial cDNA of apoIA-I10 and 11. The following oligonucleotide primers were synthesized for PCR reaction: the 20-mer sense oligonucleotide 5´-GTGAGGAGCTGAAGCAGACC-3´ corresponding to cDNA sequences 536 to 555 of apoIA-I10; the 19-mer sense degenerate oligonucleotide 5´-GACGAACCAAARWSNCARC-3´corresponding to N-terminal amino acid sequences 1 to 7 of apoIA-I11 isolated from the VLDL; the 20-mer antisense oligonucleotide 5´-GGCCACGCGTCGACTAGTAC-3´. Ligation mediated 5´RACE was accomplished using SMART RACE cDNA amplification kit (BD Bioscience Clontech, Palo Alto, CA, USA). A set of the 22-mer sense oligonucleotide 5´-CTAATACGACTCACTATAG-GGC-3´ and either the 27-mer antisense oligo-nucleotide 5´-GCTTCTCTCTCAGGTCTTCAGCGTAGG-3´ corresponding to cDNA sequences 728 to 754 of ApoIA-I10 or the 28-mer antisense oligonucleotide 5´-GGCCAGTTGGGTTGGTTGACATTCCTTC-3´ corresponding to cDNA sequences 638 to 665 of ApoIA-I11 was adopted for 5´RACE. Both 3´ and 5´RACE products obtained were sequenced by the dideoxy-chain termination method using Big Dye Terminator v3.1 Cycle Sequencing kit and an ABI 3100 DNA sequencer (Applied Biosystems Japan Ltd.). The cleavage site of the signal peptide in apoIA-I was predicted using the hidden Markov model (http://www. cbs.dtu.dk/services/SignalP/).
Isolation of apoA-I isoform (apoIA-I) genes
Genomic DNA was extracted from the blood of Japanese eel using a ZR Genomic DNA II kit (Zymo Research Corp, Orange, CA, USA) according to the manufacturer's protocols. Intron locations of apoIA-I10 and apoIA-I11 genes were determined by PCR analysis using specific primer sets ( Table 1 ). The PCR amplification reactions, using 1 ng of DNA in a volume of 30 µl, consisted of 30 cycles of 94°C for 30 sec, annealing at 55°C for 30 sec, and extension at 72°C for 2 min. The reaction was completed by a primer extension step for 7 min at 72°C. A set of the 18-mer sense oligonucleotide 5´-AGACTCTTTGCAGAAGGC-3´ corresponding to exon 1 and either the 19-mer antisense oligonucleotide 5´-TCCCAGAGAGATTCAGGCA-3´ or the 22-mer antisense oligonucleotide 5´-CCACACTCATTAATAGGGTCTC-3´ corresponding to exon 4 was adopted for amplifying another nine apoIA-I genes. PCR products amplified were subcloned into a TA cloning vector, pMD20-T vector (Takara Bio Inc., Ohtsu, Japan). ApoIA-I genes obtained were sequenced as described above. Table 1 . Oligonucleotide primers used for PCR amplification of apolipoprotein IA-I genes.
Phylogenetic analysis
Deduced amino acid sequences for apoA-I, apoA-IV, and apoE were obtained from DDBJ/EMBL/ GenBank database. Amino acid multiple alignments were generated using the CLUSTAL W program [37] within MEGA version 4.0 [38] . A phylogenetic tree was constructed based on the amino acid sequences of signal peptide, propeptide, 33-codon block, and internal repeats 4-9 using the neighbor-joining (NJ) algorithm [39] within MEGA version 4.0 [38] . The phylogenetic tree was constructed using the Poisson correction and branch points were validated by 1000 bootstrap replications. All other conditions were set as "default". The accession numbers of apolipoprotein sequences extracted from the DDBJ/EMBL/Genbank database are as follows: human apoA-I (NP_000030), ApoA-IV (NP_000473), ApoE (AAB59518); mouse apoA-I (NP_033822), apoA-IV (NP_031494), apoE (CAJ18420); chicken apoA-I (NP_990856), apoA-IV (Y16534); rainbow trout apoA-I (NP_001117720), apoE (NP_001117818); zebrafish apoA-I (NP_571203), apoE (NP_571173); pufferfish apoA-I (NP_001072100), apoE ((NP_001072103); Atlantic salmon Salmo salar apoA-I (NP_001134612); European flounder Platichthys flesus apoA-I (CAH59609); Japanese eel apoA-I (AB219180), 28kDa-1a
Results
Plasma lipoprotein isolation and N-terminal amino acid sequencing analysis
Three major lipoproteins, VLDL, LDL, and HDL, were isolated from the plasma of Japanese eel by sequential ultra-centrifugal flotation. The apolipoprotein features were clearly distinguished in each lipoprotein fraction. The HDL consisted of apolipoproteins with Mw 28 kDa and 14 kDa, whereas apoB-like protein with Mw > 200 kDa was found along with these apolipoproteins in the LDL. The apolipoprotein with Mw 23 kDa was detected along with the apoB-like protein in the VLDL (Figure 1) . The N-terminal 20 amino acid sequences were determined in the apolipoproteins with Mw 28 kDa and 23 kDa from the HDL, LDL, and VLDL ( Figure 1 ). The apolipoprotein with Mw 28 kDa in the HDL proved to be apoA-I, since its N-terminal amino acid sequence was completely identical with deduced amino acid sequence of apoA-I cDNA [21, 28] . The apolipoproteins with Mw 28 kDa in the HDL and LDL gave the different N-terminal amino acid sequences and the latter seemed to be 28 kDa-1 which Kondo et al. [21] had isolated from the cDNA library of Japanese eel. The N-terminal amino acid sequence of the apolipoprotein with Mw 23 kDa in the VLDL coincided with neither apoA-I (HDL) nor 28kDa-1 (LDL), suggesting a novel apolipoprotein gene in Japanese eel.
Structure and sequence of apoA-I isoform (apoIA-I) genes
cDNAs encoding the major apolipoproteins, apoA-I, apoA-II-like, and 28kDa-1, have previously been isolated from the liver of Japanese eel [21, 28, 40] , whereas information on apoE which participates in the regulation of plasma cholesterol and lipid metabolism has been confined to zebrafish [41] , rainbow trout [42] , and pufferfish [4] among non-mammalian vertebrates. This situation let us isolate apoE cDNA in Japanese eel, but an alternative apolipoprotein cDNA, an apoA-I isoform (apoIA-I), was amplified by the PCR reaction using a set of oligonucleotides corresponding to zebrafish and rainbow trout apoE.
The full cDNA sequence of novel apoIA-I10 was obtained by 3´ and 5´RACE PCR. The cDNA (DDBJ/ EMBL/GenBank accession no. AB521129) contained 1184 bp including 57 bp of 5´-untranslated region, 765 bp of open reading frame, and 362 bp of 3´-untranslated region. A polyadenylation consensus signal (AATAAA) was found 17 bp upstream from poly(A) tail. The coding region of the sequence was translated into 255 amino acids, which included a signal peptide of 17 amino acids predicted by the SignalP program models. A comparison of the deduced amino acid sequence with the N-terminal amino acid sequences of apoA-I, 28kDa-1, and an apolipoprotein with Mw 23 kDa in the VLDL (Figure 1) revealed that apoIA-I10 cDNA seemed to be a transcription product of a novel apolipoprotein gene. The full cDNA sequence of apoIA-I10 enabled intron regions to be amplified by PCR. Sequence comparison of the genomic PCR product with cDNA revealed that apoIA-I10 contained three introns and four exons (Figure 2 ). ApoIA-I10 had a total length of 3232 bp and the protein coding sequence was interrupted by three introns of 92, 417, and 1539 bp. The translation initiator ATG codon was localized in exon 2, 17 bp downstream from intron 1 and the termination codon TAA was in exon 4 (position 2871). The sequences at the exon-intron junctions were consistent with the consensus sequence (GT/AG) at exon-intron boundaries.
A partial cDNA sequence of apoIA-I11 was obtained by 3´RACE PCR using degenerate oligonucleotides corresponding to N-terminal amino acid sequences of an apolipoprotein with Mw 23 kDa in the VLDL and the full genomic sequence of apoIA-I11 was finally determined (DDBJ/EMBL/GenBank accession no. Kondo et al. [21] have isolated some 28kDa-1 clones, which encoded the apolipoproteins with Mw 28 kDa in the LDL, from the cDNA library of Japanese eel liver. Since these clones had different nucleotide sequences in their 3´-untranslated regions, there seemed to be isoforms in the 28kDa-1 encoding products. Eight genomic clones encoding 28kDa-1, apoIA-I1-8 (DDBJ/ EMBL/GenBank accession no. AB521120-AB521127), were isolated by PCR amplification using a set of specific primers for 28kDa-1 followed by a TA cloning. characteristic regions at its C-terminal sites [21] . A set of specific primers for 28kDa-1e amplified another apoIA-I9 (DDBJ/EMBL/GenBank accession no. AB521128). The size of the amplified apoIA-I9 (973 bp) was shorter than those of apoIA-I1-8 (1280-1300bp) because the specific antisense primer corresponded to nucleotide sequences 952 to 973 ( Table 1) . The protein coding sequence of apoIA-I9 was interrupted by three introns of 108, 206, and 101 bp, as in the case of apoIA-I7. By comparison with apoIA-I9 and 28kDa-1e cDNA sequences, the exon sequences of apoIA-I9 were found to be heterologous at positions 427 (T/C) and 488 (T/A). The latter nucleotide difference only caused a change in deduced amino acid (S/T). The sequences of apoIA-I8 and 9 at the exonintron junctions were consistent with the consensus sequence (GT/AG) at exon-intron boundaries, whereas the sequences of 3´ splice acceptor in intron 1 of apoIA-I1-7 were (AC) but not (AG).
The sequence data presented here have been deposited into the DDBJ/EMBL/GenBank Data Libraries under the accession numbers AB521120-AB521130 for Japanese eel ApoIA-I1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11, respectively.
Sequence similarity of apoA-I isoforms (apoIA-Is)
An alignment of amino acid sequences predicted by apoIA-I10 and 11 is shown in Figure 4 along with Japanese eel apoA-I and zebrafish apoE. Both apoIA-I contained a signal peptide of 17 amino acids as described above. A comparison of the deduced amino acid sequence with the N-terminal amino acid sequence of an apolipoprotein with Mw 23 kDa in the VLDL on SDS-PAGE showed the existence of propeptide (NVLRS) in apoIA-I11 as in the case of apoA-I, which was covalently linked to the N-terminus of the mature protein [2] . Sequence similarity of the N-terminal region between apoIA-I10 and 11 suggested the existence of propeptide (NILWA) in the former. The mature protein sequences of apoIA-I10 and 11 satisfied the common structural features depicted for the exchangeable apolipoproteins such as apoA-I and apoE [2, 43] : a 33-codon block comprised of three units of 11 amino acids and internal repeats of 11 or 22 amino acids predicted to form amphipathic α-helical secondary structures. ApoIA-I10 consisted of a 33-codon block, followed by internal repeats 4-13, whereas apoIA-I11 lacked internal repeats 7, 8, and 9. Japanese eel mature apoIA-I10 and 11 thus consisted of 233 and 173 amino acids with predicted molecular weights of 26499 and 19597, and theoretical isoelectric points of 4.71 and 4.71, respectively. A modification such as O-glycosylation or phosphorylation might be responsible for the difference in molecular weight between an apolipoprotein with Mw 23 kDa in the VLDL and the mature apoIA-I11 protein, although no potential N-glycosylation sites were found in both apoIA-I10 and 11. The mature apoIA-I10 sequence showed 65% identity and 75% similarity to the amino acid sequence of apoIA-I11. A BLAST search against DDBJ/EMBL/ GenBank and TGI databases indicated that apoIA-I11 matched with a hypothetical protein from zebrafish (CK711869), medaka Oryzias latipes (TC115700), and rainbow trout (BX072993) with 58.4%, 54.8%, and 32.8% similarities, respectively, but no homologue from amphibian or mammalian counterparts. Both apoIA-I10 and 11 showed low homology to Japanese eel apoA-I (25-31% identity and 40-44% similarity) and zebrafish apoE (24-27% identity and 41-42% similarity). A region rich in basic amino acids, the lipoprotein receptorbinding region found in zebrafish apoE, was absent in both apoIA-I10 and 11 ( Figure 4 ). These features implied that both apoIA-I10 and 11 were the novel members of apoA-I family including apoA-I and apoE. The novel members of apoA-I family in Japanese eel, 28kDa-1a-e, have been isolated from the liver of Japanese eel [21] . Other new apolipoproteins, apoIA-I1-9, similar to 28kDa-1 were isolated and their deduced amino acid sequences were compared with those of 28kDa-1a-e, apoIA-I10 and 11 ( Figure 5) . None of the amino acid sequences in apoIA-I1-9 completely coincided with 28kDa-1a-e. ApoIA-I1-8 contained a signal peptide and a propeptide of 17 and 5 amino acids, respectively. The mature protein consisted of 239 amino acids in apoIA-I4-6 and 237 amino acids in other apoIA-I and 28kDa-1a-e. The apoIA-I1-11 apolipoproteins were roughly divided into four types based on their sequence similarity. Type A included apoIA-I1-3 and their amino acid sequences were similar to those of 28kDa-1a and b. One or 1-3 amino acids of mature protein in apoIA-I1-3 were different from 28kDa-1a or b, respectively. ApoIA-I7 was classified in type B along with 28kDa-1c and d. The mature apoIA-I7 sequence showed 97% and 99% identity to the amino acid sequences of 28kDa-1c and d, respectively, although three amino acids of signal peptide in apoIA-I7 were different from 28kDa-Ic and d. Type C included apoIA-I4-6 and 9 along with 28kDa-1e which possessed two characteristic regions at the C-terminal sites [21] . There was one difference between the deduced amino acid sequences of apoIA-I9 and 28kDa-1e although the former involved partial sequence. Two excess amino acid residues were inserted in exon 4 of apoIA-I4-6 compared with 28kDa-1e. The mature protein of 28kDa-1e showed 81-86% identity and 83-89% similarity to amino acid sequences of apoIA-I4-6. The theoretical isoelectric points of apoIA-I4-6 ranged from 5.33 to 5.66, whereas that of 28kDa-1e showed pI 4.99. Type D included apoIA-I8, 10, and 11 which showed low similarity to 28kDa-1a-e compared with other apoIA-Is. The mature apoIA-I8 sequence showed 50% and 56% identity, 60% and 64% similarity to amino acid sequences of apoIA-I10 and 11, respectively. The amino acid identity of apoIA-I10 to apoIA-I11 was higher than that to apoIA-I8 as described above. The theoretical isoelectric point of apoIA-I8 (pI 6.37) was shifted to more basic than other apoIA-I ranging from pI 4.71 to 5.66. ApoIA-I4-6 in type C and apoIA-I8, 10, and 11 in type D thus seemed to be the new members of apoA-I family in Japanese eel considering their molecular weights, isoelectric points, and sequence similarities.
Phylogenetic tree of apoA-I family
In order to determine better understanding of the evolutionary position of apoIA-I1-11, a phylogenetic tree was constructed using the NJ method. The evolutionary relationships between apoIA-I1-11 and other available sequences of exchangeable apolipoproteins such as apoA-I, apoA-IV, and apoE are presented in Figure 6 . ApoE and apoA-IV could be grouped with the corresponding apolipoproteins as a monophyletic clade. Fish apoA-Is formed a monophyletic group that was separate from chicken and mammalian apoA-Is. Japanese eel apoIA-I1-11 fell into one group which was much closer to fish apoA-Is than apoA-IV or apoE. As reflecting the amino acid similarities of apoIA-Is shown in Figure 5 , apoIA-I1-3 and 7 formed a monophyletic group with previously reported Japanese eel 28kDa-1a and b, 28kDa-1c and d, respectively. ApoIA-I9 formed one clade with 28kDa-1e, whereas apoIA-I4-6 slightly diverged from 28kDa-1e. ApoIA-I8, 10, and 11 were highly separated from other apoIA-Is in the molecular phylogenetic tree, suggesting new members of apoA-I family in Japanese eel. 
Discussion
Apolipoproteins are important structural components of plasma lipoproteins and have been shown to participate in lipoprotein assembly, secretion, processing, and catabolism [2, 43] . In mammals, a group of nine exchangeable and soluble apolipoproteins including apoC-I, apoC-II, apoC-III, apoC-IV, apoA-I, apoA-II, apoA-IV, apoA-V, and apoE is associated with plasma lipoproteins and the structural organization of these genes is thoroughly understood [2, 43, 44] . Some fish apolipoproteins have been reported to have non-lipidmediated activities such as antimicrobial functions and innate immunity [11] [12] [13] but the structural organization of apolipoprotein genes in fish is currently limited to a very few studies [4, 42] . The genetic information of fish apolipoproteins is expected to contribute not only to a better understanding of apolipoprotein evolution, but to lipid metabolism and physiology in fish lineages.
In this study, 11 different genes of apoA-I isoforms, apoIA-I1-11, were isolated and characterized from fatty fish species of Japanese eel. ApoIA-I1-9 genes were associated with 28kDa-1 cDNAs which had been isolated from the liver of Japanese eel [21] although their nucleotide sequences did not completely coincide with each other ( Figure 5 ). The structural organization of apoIA-I1-11 genes was the same as that of mammalian apoA-I and apoE [2] : exon 1 encoded no protein sequence, exon 2 containing a translation initiator ATG codon, exons 3 and 4 encoded most of the mature protein. There were high similarities between intron sequences of apoIA-Is except for apoIA-I10 and 11. The sizes of introns 2 (417 bp) and 3 (1539 bp) in apoIA-I10 were larger than those in apoIA-I1-9 (194-206 bp and 92-101 bp in introns 2 and 3, respectively), whereas intron 1 (206 bp) of apoIA-I11 was larger than other apoIA-Is ranging from 92 to 108 bp (Figure 2) . The sequences of apoIA-I8-11 at the exon-intron junctions were consistent with the consensus sequence (GT/AG) at exon-intron boundaries but the sequences of a 3´ splice acceptor in intron 1 of apoIA-I1-7 were (AC) but not (AG), indicating different apoIA-I genes in Japanese eel.
The deduced amino acid sequences of all apoIA-Is contained a putative signal peptide and a propeptide of 17 and 5 amino acid residues, respectively, as in the case of human apoA-I [2] . The common structural features such as 33-codon block and internal repeats of 11 or 22 amino acid residues are found in exchangeable apolipoproteins. The mature proteins of apoIA-I1-3, 7, and 8 consisted of 237 amino acids, whereas those of apoIA-I4-6 composed of 239 amino acids ( Figure 5 ). The mature proteins of apoIA-I10 and 11 consisted of 233 and 173 amino acids and the latter was associated with an apolipoprotein with Mw 23 kDa in the VLDL (Figure 1  and 4) . The molecular weights of Japanese eel apoIA-Is except for apoIA-I9 and 11 were comparable to those of vertebrate apoA-Is (28kDa) but not mammalian apoA-IV (46 kDa) and apoE (34 kDa) in the apoA-I family [2, 24, 43] . Mammalian apoA-IV and apoE have been known to possess no propeptide in their sequences, whereas human apoIA-Is contains a propeptide of 6 amino acid residues. The 12th internal repeat of apoIA-Is consisted of 11 amino acids as in the case of mammalian and fish apoA-Is, contrasting mammalian apoA-IV (22 amino acids) and apoE (20 amino acids). ApoIA-Is lacked a hallmark of apoA-IV which repeats glutamyl and glutaminyl-rich motifs at the C-terminal sequence [45] . Moreover, human apoA-IV has been reported to be missing intron 1 in the 5´ untranslated region, due to evolutionary processes, and to consist of three exons separated by two introns [2] . These features strongly suggest that the apoIA-Is isolated from Japanese eel were much closer to apoA-I than apoA-IV and apoE. The phylogenetic tree shown in Figure 6 demonstrated that apoIA-Is formed monophyletic with fish apoA-Is.
ApoA-I, apoA-IV, and apoE in the apoA-I family have evolved from a common ancestral gene, with apoA-I and apoA-IV having diverged more recently [2, 15, 46] , whereas Powell et al. [18] have suggested that apoA-IV and apoE evolved from a common ancestor of an apoA-I-like protein by adding 11 amino acid residues. Thus the evolutionary relationship among apoA-I family seems not be clear but their precursors have existed before the divergence of ray-finned fish and tetrapods, estimated around 450 million years ago [47] . Teleosts have been pointed out to possess more duplicate genes than mammals, which can be explained by fish-specific whole-genome duplication, additionally occurred after the divergence of ray-finned and lobe-finned fish, estimated around 250-400 million years ago [48] [49] [50] . Several apolipoprotein genes found in rainbow trout [19] , Korean spotted barbell [22] , pufferfish [4] , orange-spotted grouper [51, 52] and gibel carp [53] along with apoIA-Is in Japanese eel might have arisen in the fish evolutionary lineage. Different exchangeable apolipoproteins with lipid binding properties and diverse, specific functional domains seem to be associated with a complex transport system for the transfer of exogenous or endogenous lipids toward different tissues in fish.
In summary, we have isolated and characterized some novel genes of apoA-I family, apoIA-I1-11, from Japanese eel. Some genes of apoIA-I corresponded to 28kDa-1 cDNAs which had already been deposited into the database and encoded an apolipoprotein with molecular weight of 28 kDa in the LDL, whereas others seemed to be the novel genes in apoA-I family. The structural organization of all apoIA-Is consisted of four exons separated by three introns, as in the case of apoA-I but not apoA-IV. Phylogenetic analysis showed that these novel apoIA-Is were much closer to apoA-I than apoA-IV and apoE. The data obtained in this study will permit us to investigate the complex tissue-specific expression of these apoIA-I genes.
